
INVENTION REPORT 

I. ( a )  T i t l e  of discovery.  

Autosynchxonous Balloon Pumping System f o r  Temporary 
Cardiac Ass is tance  

(b) Grant number under which i t  was,developed. 

HE-06510 

2. F u l l  name of inventor  and all persons d i r e c t l y  c o n t r i b u t i n g  
t o  t h e  invent ion .  

Invent or : 

Adrian Kantrowitz,  M.D. 
Residence address :  546 East 17 th  S t r e e t  

Business address:  Maimnides Medical C e n t e r  
Brooklyn, NE)W York 11226 

4802 Tenth Avenue 
Brooklyn, New York 11219 

T i t l e :  Di rec tor  of Surg ica l  Se rv ices ,  Department 
of Surgery,  Maimonides Medical C e n t e r ,  and 
Professor  of Surgery,  S t a t e  Universi ty  of 
New York Downstate Medical Center 

Cont r ibu tors  : 

Wladimir S c h i l t  , M.D. 
Residence address :  Saegematts t rasse  62, 3098 Koeniz 
(after 5-10-67) Berne, Switzerland 
B u s i n e s s  address :  Universi ty  of Berne 
( a f t e r  5-10-67) Berne, Switzer land 
T i t l e :  Research Assoc ia te ,  Department of Surgery 

Maimonides Medical Center  

Paul  S. Freed, M , S ,  
Residence address :  1478 - 42nd S t r e e t  

B u s i n e s s  address:  Maimonides Medical C e n t e r  
Brooklyn, N e w  York 11219 

4802 Tenth Avenue 
Brooklyn, New York 11219 

T i t l e :  Research Assoc ia te ,  Department of Surgery 
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3. Name and address  of f a c i l i t y  a t  which discovery was made. 

Su rg ica l  Research Laboratory 
Edward N e i m e t h  Research I n s t i t u t e  
Edwin Elson Building 
Maimonides Medical Center 
4802 Tenth  Avenue 
Brooklyn, New York 11219 

4. Contr ibut ion of t h e  f a c i l i t y  t o  t h e  discovery i n  men, money, 
or  ma te r i a l s .  

D r .  Kantrowitz 's  s a l a r y  i s  drawn from i n s t i t u t i o n a l  funds.  

5 .  Patent  po l icy  of t h e  f a c i l i t y ,  

A r t i c l e  7 of the  By-laws of Maimonides Medical Center 
s t a t e s  t h e  fol lowing p a t e n t  p o l i c i e s :  

" A l l  invent ions ,  d i scove r i e s ,  and improvements 
made by any person i n  . the employ of t h e  Corpor- 
a t i o n  or while r ece iv ing  any compensation f o r  h i s  
s e r v i c e s  or while us ing  any of t h e  f a c i l i t i e s  of 
t h e  Hospi ta l ,  s h a l l  be t h e  property of t h e  Cor- 
po ra t ion  t o  be used by i t  f o r  t h e  purposes of 
f u r t h e r i n g  t h e  medical sciences.11 

"The Board of T r u s t e e s  may, however, permit t h e  
d iscoverer  or the  inventor  t o  p a r t i c i p a t e  i n  t h e  
income, i f  any, from the' discovery of t h e  i n -  
vent ion.  The provis ions  of t h i s  A r t i c l e  may be 
waived by t h e  Board of T r u s t e e s O f 1  

6 .  Name and address  of any o ther  o rgan iza t ion ( s )  c o n t r i b u t i n g  
t o  discoverv.  

None 

7, Contr ibut ion of t h e  o r g a n i z a t i o n ( s )  i n  men, money, 
f a c i l i t i e s ,  o r  m a t e r i a l s .  

Not app l i cab le  

Pa ten t  p o l i c i e s  of these  organiza t ions ,  8 .  

Not app l i cab le  
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9. Deta i led  d e s c r i p t i o n  of invent ion.  

The i n t r a a r t e r i a l  ca rd iac  a s s i t i n g  device ( I A C A ) ,  developed 
i n  t h i s  l abora to ry ,  r e p r e s e n t s  a modi f ica t ion  of t he  a t tempts  
of e a r l i e r  i n v e s t i g a t o r s  t o  devise  a means f o r  quickly com- 
b a t i n g  profound cardiogenic  shock. Clauss e t  a l .  i n  1961 
and Soroff  i n  1963 t r i e d  t o  provide c i r c u l a t o r y  a s s i s t a n c e  
t o  t h e  h e a r t  b y  means of a bellows pump a s p i r a t i n g  blood 
through a cannula i n  a major a r t e r y .  Moulopoulos e t  a l .  i n  
1962 used an i n t r a a r t e r i a l  l a t e x  rubber ba l loon  a s  a device  
for d i a s t o l i c  augmentation. Clauss has  a l s o  (1964) expe r i -  
mented with i n t r a a r t e r i a l  bal loon pumping. The device  
descr ibed here  d i f f e r s  from previous ones i n  seve ra l  a spec t s :  
a polyurethane bal loon i s  used r a t h e r  than one of l a t e x ;  t h e  
gas used t o  i n f l a t e  t h e  bal loon i s  helium r a t h e r  than CO2; 
t h e  bal loon con ta ins  a b u i l t - i n  p re s su re  t r ansduce r ;  and a 
b r a i d  of t h i n  copper w i r e  i n  t h e  bal loon a l lows  i t  t o  
adapt t o  the  shape of t h e  ao r t a .  

The IACA c o n s i s t s  of an ex t racorporea l  and an i n t r a c o r p o r e a l  
u n i t  connected d u r i n g  u s e .  The ex t r aco rporea l  u n i t  i s  an 
e l e c t r o n i c a l l y  c o n t r o l l e d  solenoid valve.  The i n t r a -  
corporea l  u n i t  (Figure I), comprised or' a f l e x i b l e  poly- 
urethane chamber with a Teflon c a t h e t e r  a t t ached  t o  one end, 
can be s t e r i l i z e d .  The chamber, f a b r i c a t e d  i n  our labora-  
t o r i e s ,  i s  made by coa t ing  a g l a s s  mold with a 10-1574 
polyurethane te t rahydrofuran  so lu t ion .  The r e s u l t i n g  mem-' 
brane i s  only 0.100-125 mm t h i c k ,  bu t  the  m a t e r i a l  i s  so  
tough t h a t  i t  can withstand pressure  of 250 mm H g  without 
undergoing e l a s t i c  deformation, and a considerably higher  
p re s su re  before  bu r s t ing .  This  a l lows a wide margin of 
s a f e t y  during a c t u a l  u s e .  The chamber i s  10-17 c m  long and 
1-2 c m  i n  diameter ,  depending upon the  s i z e  of t he  a o r t a  f o r  
which i t  i s  intended and t h e  pumping volume requi red .  I t  
t a p e r s  a t  each end t o  a c y l i n d r i c a l  s leeve  about 1 c m  long 
and 0.5 c m  i n  diameter.  A sec t ion  of woven, f l e x i b l e  copper 
tub ing  ( e l e c t r i c a l  s h i e l d i n g ) ,  approximately 3-5 mm i n  
diameter ,  i s  introduced i n t o  the  chamber, spanning i t s  
length.  A pressure  t ransducer  of t h e  semiconductor s t r a i n -  
gage type i s  t i g h t l y  f i t t e d  i n t o  the  end of t h e  ca the t e r  
proximal t o  t h e  h e a r t .  Thus pos i t i oned ,  t h e  s t ra in-gage  i s  
i n s e n s i t i v e  t o  pressure  changes wi th in  t h e  chamber but  
records  blood pressure  changes a t  t h e  s i te  where t h e  chamber 
i s  pos i t ioned .  The c a t h e t e r ,  which i s  s l ipped  over t h e  end 
of t h e  chamber d i s t a l  t o  t h e  h e a r t ,  c o n s i s t s  of two con- 
centr ic ,  hea t -shr inkable  Teflon tubes;  i t  i s  60-70 c m  long 
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and 5 mm i n  ou t s ide  diameter.  The c a t h e t e r  connects t h e  
i n t r a a r t e r i a l  chamber and t h e  ex t racorporea l  u n i t ,  and 
l eads  from t h e  p re s su re  sensor a r e  c a r r i e d  between t h e  two 
t u b e s .  A l l  j unc t ions  a r e  made hel ium-t ight :  t h e  i n t r a -  
co rporea l  ones with polyurethane and the  ex t r aco rporea l  
ones with epoxy. 

For c a t h e t e r i z a t i o n ,  t h e  in t r aco rporea l  u n i t  i s  s t i f f e n e d  
by the i n s e r t i o n  of a long ca the te r  guide which reaches t o  
t h e  t i p  of t h e  chamber. A f t e r  t h e  chamber i s  i n  p l a c e ,  t h e  
guide i s  withdrawn and the  woven copper tube al lows t h e  
chamber t o  r ega in  i t s  f l e x i b i l i t y .  When i n  ope ra t ion ,  t he  
assembled u n i t  i s  d r i v e n  by helium which i s  admitted i n t o  
t h e  chamber through t h e  meshed copper tubing of t h e  c a t h e t e r .  
Helium i s  used because i t s  low dens i ty  a s su res  r ap id  passage 
through t h e  narrow c a t h e t e r .  

By means of a modified dual-beam osc i l l o scope ,  a p re se l ec t ed  
p o i n t  e i t h e r  of t h e  c e n t r a l  a o r t i c  p re s su re ,  a s  obtained 
from t h e  t r ansduce r ,  or of t h e  ECG c o n t r o l s  t h e  solenoid 
va lve  of t h e  pumping u n i t .  Phase and du ra t ion  of t h e  
i n f l a t i o n  c y c l e  can be ad jus t ed  independently of each o the r .  

10. Objec t ives ,  advantages,  and u s e s  of t h e  discovery.  

The i n t r a a r t e r i a l  c a r d i a c  a s s i s t i n g  device was developed f o r  
t he  u l t i m a t e  purpose of providing a p r a c t i c a l  method of 
r a p i d ,  e f f e c t i v e  a s s i s t a n c e  t o  t h e  p a t i e n t  i n  profound, 
r e f r a c t o r y  card iogenic  shock. Some important advantages of 
t h e  IACA a r e :  

a )  S ince  t h e  pumping occurs i n  t h e  upper t h o r a c i c  
a o r t a ,  t h e  d i f f i c u l t i e s  assoc ia ted  with other  counterpulsa-  
t i o n  methods a r e  overcome. I n  p a t i e n t s  who r e q u i r e  ca rd iac  
a s s i s t a n c e ,  t h e  pe r iphe ra l  a r t e r i e s  a r e  usua l ly  s c l e r o t i c ;  
t h i s  imposes a r e s t r i c t i o n  on t h e  s i z e  of t h e  c a t h e t e r  t h a t  
can be in t roduced ,  and t h e r e f o r e ,  on the  s t roke  volume. 
E f fec t iveness  of t h e s e  u n i t s  i s  thus  l imi t ed .  

b) Only polyurethane and Teflon a r e  i n  con tac t  with 
t h e  blood;  bo th  of these  ma te r i a l s  a r e  b i o l o g i c a l l y  com- 
p a t i b l e .  

c.) Because the  d r i v i n g  gas ,  helium, has  a low.dens i ty ,  
a small-diameter c a t h e t e r  can be used. 
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d )  Correct t i m i n g  of t he  pumping i s  c r i t i c a l  t o  
e f f e c t i v e n e s s  of t h e  s y s t e m .  In  the abseqce of useable  
ECG s i g n a l s ,  t h e  opt ion t o  achieve synchronizat ion by 
us ing  p res su res  measured i n  t h e  a o r t a  by the  s t ra in-gage  
i s  important.  

e )  The copper b r a i d  i n s i d e  t he  bal loon al lows t h e  
pumping chamber t o  adapt t o  t h e  shape of the  a o r t a ,  reducing 
trauma t o  the  in t ima,  I t  can be s t r e t c h e d  dur ing  i n s e r t i o n  
t o  minimize i t s  diameter and a l s o  t h a t  of the ba l loon .  

f )  S ince  t h e  p o s i t i o n  of t h e  device can be determined 
from the  pulse  shapes measured a t  t h e  t i p ,  f luoroscopy i s  
not  requi red  f o r  i n s e r t i o n ,  s impl i fy ing  t h e  procedure. 

g )  With the  IACA t h e r e  i s  no high-veloci ty  blood flow 
through a c a t h e t e r ,  and thus ,  damage t o  blood elements is 
reduced. 

11, Your opinion of t h e  importance and usefu lness  of t h e  
discovery : 

( a )  I n  t h e  United S t a t e s .  
( b )  - I n  fo re ign  coun t r i e s .  

Fourteen of every 100 p a t i e n t s  with acu te  myocardial i n -  
f a r c t i o n  s u f f e r  profound cardiogenic  shoqk. Of t hese  
p a t i e n t s  9-13 a r e  unresponsive t o  medical therapy and need 
c i r c u l a t o r y  a s s i s t a n c e .  

I n  c a r d i a c  a r r e s t  c a s e s ,  a combination of IACA and e x i s t i n g  
e x t e r n a l  massage appara tus  may be e f f e c t i v e .  For f u r t h e r  
explana t ion  of the  u s e f u l n e s s  of t h i s  device ,  see I t e m  10. 

12. Personal  d e s i r e  on applying f o r  a pa t en t  on t h e  discovery.  

Development i n  the  pub l i c  i n t e r e s t .  

13. Why pub l i ca t ion  would not  be adequate t o  i n s u r e  t h e  a v a i l -  
a b i l i t v  of t h e  discoverv t o  t h e  D U b l i C .  Has a f u l l  de- 

~ 

s c r i p t i o n  ever been publ ished or submitted f o r  pub l i ca t ion?  

A r epor t  has  been presented a t  t he  Chicago meeting of the  
American Socie ty  f o r  A r t i f i c i a l  I n t e r n a l  Organs on.Apri1 16,  
1967. Publ ica t ion  of t h e  r e p o r t  (manuscript enc losed)  w i l l  
be i n  J u n e  1967. Abs t r ac t s  of t h i s  r e p o r t  w e r e  s e n t  t o  t h e  
program committee of s eve ra l  p ro fes s iona l  groups dur ing  
February 1967. 
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14, B r i e f  s ta tement  on how the  invent ion  was conceived, i t s  
reduct ion  t o  a c t u a l  p r a c t i c e ,  and t h e  d a t e s  of t h e s e  
events .  Is invent ion  i n  DubliC u s e ?  If so.  s i n c e  what 
d a t e  has  i t  been i n  Dublic use? 

The invent ion  i s  a v a r i a t i o n  of t h e  ba l loon  pumping method 
for inc reas ing  blood c i r c u l a t i o n .  The modif icat ions de- 
s c r ibed  i n  I t e m  9 were f i r s t  conceived b y  Adrian Kantrowitz 
and a s s o c i a t e s .  I n  A p r i l  1966, t h e  need f o r  an improved 
device  was d iscussed  a t  a s t a f f  meeting of t h e  S u r g i c a l  
Research Laboratory of t h e  Department of Surgery,  Maimonides 
Medical Center,  The device was cons t ruc ted  and t h e  f i r s t  
experiments were begun i n  May 1966. A t o t a l  of 50 exper i -  
ments has  been performed on 44 unselected mongrel dogs and 
2 c a l v e s ,  u s ing  both normal animals and those  with exper i -  
mentally induced shock. 

15. B r i e f  s tatement concerning support ing evidence which you 
have a t  hand which may be used a s  proof of I t e m  14--for 
i n s t a n c e ,  l abora tory  notebooks, l e t te rs ,  and t h e  l i k e .  

Experimental da t a  a r e  i n  t h e  labora tory .  They have been 
presented  a t  a meeting of t h e  A,S.A.€.O. i n  A p r i l  1967 
and w i l l  be  publ ished i n  t he  Transact ions of t h a t  soc i e ty  
i n  J u n e  1967. A sample of t he  experimental  r e s u l t s  ob- 
t a i n e d  s i n c e  A p r i l  1967 by D r .  S t e i n a r  Tjonneland a r e  
shown i n  Figure 2. 

16. B r i e f  s ta tement  on d i s c l o s u r e  of t h e  discovery t o  o the r s .  

F i r s t  d i s c l o s u r e  beyond the  labora tory  s t a f f  was t o  the  
A.S.A.I.O. i n  A p r i l  1967, (See I t e m  15) 

17. Dates ,  c u r r e n t  l o c a t i o n ,  and names of persons p re sen t  
dur ing  development of experimental  da t a .  

D r .  Wladimir S c h i l t  and M r .  Paul Freed c a r r i e d  out  expe r i -  
ments under t h e  d i r e c t i o n  of D r ,  Adrian Kantrowitz. Members 
of t h e  r e sea rch  s t a f f  who w e r e  p resent  during development 
of t h e  experimental  d a t a  include D r s ,  Ghassan A. K h a l i l ,  
Sandra Samuels, Hans E. Carstensen, Toru Okura, and S t e i n a r  
Tjonneland--all  of whom a r e  now a t  t he  S u r g i c a l  Research 
Laboratory,  Maimonides Medical Center. 
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18. Information a s  t o  t h e  s t a t e  of t h e  a r t ,  p u b l i c a t i o n ,  
public u s e  being made of t h e  a r t  a t  t he  t i m e  of discovery.  

Ci rcu la tory  a s s i s t a n c e  t o  t h e  f a i l i n g  h e a r t  through re- 
duc t ion  of s y s t o l i c  and e l eva t ion  of d i a s t o l i c  p re s su res  
has been attempted by d i a s t o l i c  augmentation and 
synchronous counterpulsa t ion .  Kantrowitz and McKinnon 
(1959),' w e r e  among the  e a r l y  i n v e s t i g a t o r s  t o  explore  
d i a s t o l i c  augmentation f o r  permanent c i r c u l a t o r y  support .  
Clauss e t  a l ,  (1961),2 and Soroff e t  a l .  (1963)3 used a 
bellows pump which a s p i r a t e s  blood through a cannula i n  a 
major a r t e r y  dur ing  s y s t o l e ,  thus  lowering t h e  s y s t o l i c  
p re s su re ,  and r e t u r n s  the  blood during d i a s t o l e ,  e l e v a t i n g  
the  d i a s t o l i c  per fus ion  pressure ,  Th i s  procedure,  c a r r i e d  
o u t  experimentally ( i n  dogs)  and c l i n i c a l l y ,  has apparent ly  
given v a r i a b l e  r e su l t s .  A n  i n t r a a r t e r i a l  l a t e x  rubber 
ba l loon  used a s  a d i a s t o l i c  pumping device  was employed 
by Moulopoulos4 who performed experiments only on normal 
dogs,  u s i n g  a c losed s y s t e m  and C02 a s  t h e  d r i v i n g  gas.  
Clauss5 has used one-quarter inch l a t e x  d r a i n s  f a s t ened  
t o  small-bore, s p a g h e t t i  Tef lon tubing a s  ba l loons .  
Severa l  bal loon v a r i a t i o n s  have been devised ( M r .  B i r t w e l l  
of t he  Flow Rubber Corp. and t h e  Davol Rubber Co.),  and 
t h e  a p p l i c a t i o n  of e lectromagnet ic  f o r c e s  t o  i n f l a t e  and 
d e f l a t e  conductive e l a s t i c  ba l loons  i s  be ing  explored 
(General Atomics Divis ion General Dynamics Corporation, 
San Diego, C a l i f o r n i a ) .  The only r e p o r t s  concerning t h e  
device which inco rpora t e s  t he  f e a t u r e s  descr ibed  he re in  
and which was used i n  normal dogs a s  w e l l  a s  dogs i n  which 
card iogenic  shock was experimentally induced, have come 
from t h i s  labora tory .  

REFERENCES 

1. Kantrowitz, A.  and McKinnon, W.M.P., Surg. Forum 9:266, 1959, 

2. Clauss e t  a l .  J. Thor. Cardiov, Surg.  41:447, 1961. 



-8- 

3, Soro f f ,  H.S .  e t  a l .  C i r cu la t ion  27:722, 1963. 

4. Moulopoulos ,  S . D . , .  S. Topaz and W . J .  K o l f f ,  Am. Heart J. 
63 : 669, 1962. 

5 .  Clauss ,  R.H, i n  Mechanical Devices t o  Assist t he  F a i l i n g  
Hear t ,  National Academy of Sciences-National Research 
C o u n c i l ,  Washington, D . C . ,  1966, p. 251. 

May 18, 1967 

I 

Wladimir S c h i l t  , M.D. 

r- 
Paul S. Freed 


